Objective: Celiac disease is associated with decreased bone density; however, the risk of fractures in celiac disease patients is unclear. We compared the prevalence of celiac disease between a group of women with hip fractures and a group of women undergoing elective joint replacement surgery and the association between celiac disease and vitamin D levels. Methods: two hundred eight community dwelling and postmenopausal women were recruited from Boston, Ma (n=81) and Baltimore, MD (n=127). We measured tissue transglutaminase iga by eLiSa to diagnose celiac disease and 25-hydroxyvitamin D (25(oH)D) levels by radioimmunoassay in both women with hip fractures (n=157) and a control group (n=51) of total hip replacement subjects from Boston. Subjects were excluded if they took any medications or had medical conditions that might affect bone. Results: Median serum 25(oH)D levels were significantly lower (p< 0.0001) in the hip fracture cohorts compared to the elective joint replacement cohort (14.1 ng/ml vs. 21.3 ng/ml, respectively). there were no differences in the percentage of subjects with a positive tissue transglutaminase in the women with hip fractures versus the control group (1.91% vs. 1.96%, respectively). Conclusion: Vitamin D levels are markedly reduced in women with hip fractures, however hip fracture patients did not show a higher percentage of positive tissue transglutaminase levels compared with controls. these data suggest that routine testing for celiac disease among hip fracture patients may not be necessary in the absence of clinical signs and symptoms, although data from larger studies among hip fracture subjects are needed.
Introduction
Hip fractures are one of the most serious of fractures and are associated with functional impairment and increased mortality among elderly men and women. an estimated 80% of hip fracture patients have a secondary cause associated with their underlying osteoporosis (1) . Data also indicate that up to 85% of women with hip fractures are vitamin D deficient and have a median 25-hydroxvitamin D [25(oH)D] level that ranges between 10.2 to 14.7 ng/ml (2) (3) (4) . Celiac disease is associated with vitamin D deficiency and low bone mass (5) (6) (7) . up to 77% of individuals with celiac disease have below average bone mineral density (BMD) for their age and 26-34% have osteoporosis (8) . the prevalence of celiac disease ranges from an estimated 1 out of 120 to 300 individuals in both europe and the united States (9) . However, as many as 50% -90% of individuals with celiac disease are undiagnosed due to an absence or minimal presence of clinical symptoms, such as diarrhea and weight loss (10) .
Celiac disease is characterized by a heightened immunological response to the consumption of gluten found in wheat, barley, rye, and possibly oats. it is strongly associated with the presence of antibodies against gluten proteins and of autoantibodies to connective tissue components. Sensitive and specific screening tests for celiac disease are available, such as the measurement of tissue transglutaminase antibodies, which are of the iga isotype (11) . at present, there are limited data regarding the relationship between celiac disease and vitamin D deficiency in elderly hip fracture patients; vitamin D deficiency can result in an increased risk of hip fractures and osteoporosis and, when severe, symptomatic osteomalacia (12) . further, it is not known whether these patients should be screened for celiac disease.
the objective of this study was to determine whether there is a greater proportion of subjects with positive tissue transglutaminase antibodies -a test for celiac disease, in women with hip fractures compared to a control group of women undergoing elective total hip arthroplasties, and the association between positive antibody status and vitamin D levels.
Material and Methods
Sample Selection the study subjects include 208 community dwelling women, 81 from Boston, Massachusetts and 127 from Baltimore, Maryland (2, 3, 13 Boston admitted for elective hip joint replacement was also selected from this larger study and did not have osteoporosis. Subjects were excluded if they were taking any other medications or had any disorder or abnormal admission test results that might affect bone, or had any underlying hip disease other than osteoarthritis. Women with high-energy, pathological fractures or not community-dwelling at the time of fracture were also excluded. in Boston, subjects were recruited between 1995 and 1998 for another study, and completed questionnaires regarding lifestyle, reproductive factors, calcium intake, and physical activity (2, 3, 14) . the Baltimore cohort of 127 women with acute hip fractures was part of a larger study of 205 subjects recruited between 1992 and 1995 (3, 13) . the subjects experienced either natural or surgical menopause with amenorrhea for at least 12 months; 95% were Caucasian race/ethnicity. Procedure to evaluate the contribution of celiac disease to vitamin D deficiency in women with hip fractures, we measured 25-hydroxyvitamin D (DiaSorin ria: normal 20-57 ng/ml) and tissue transglutaminase iga (ttG-iga; eLiSa: normal < 1 u) levels. in subjects with normal ttG-iga, serum total iga (eLiSa: normal 70-400 mg/dl) was determined, and if iga was low, a ttG-igG (normal=> 26 u) was determined. the sensitivity and specificity was > 95% for these methods. all serum samples were stored at -60°C.
Results
the study groups are compared in table 1. for the Boston and Baltimore hip fracture cohorts, the age (mean + SD) was 77.9 + 9.2 and 80.8 + 7.9 years, respectively, and 80.3 + 8.2 years collectively. the age (mean + SD) of subjects admitted for elective joint replacement was 64.4 + 8.1 years. Median serum 25(oH)D levels were 14.1 ng/ml for the total hip fracture cohort, and 21.3 ng/ml for the elective joint replacement cohort (p< 0.0001). in the Boston hip fracture group, 3.33% of subjects, or 1 in 30, tested positive for celiac disease. in the Baltimore hip fracture group, 1.57%, or 2 in 127, tested positive. in the total hip fracture cohort, 1.91% of subjects, or 3 in 157, tested positive for celiac disease. among the subjects undergoing elective joint replacement, 1.96%, or 1 in 51, tested positive for celiac disease. including the total number of hip fracture subjects, there were no differences in the percentage of subjects with a positive tissue transglutaminase in the women with hip fractures versus the control group.
Discussion
the results of our study showed no increased prevalence of celiac disease in subjects with hip fractures compared to those without osteoporosis admitted for elective joint replacement. the combined incidence of subjects with celiac disease was 1.91% in the hip fracture cohort versus 1.96% in the elective joint replacement cohort. these results were not statistically significant despite a significantly lower median 25(oH)D level in women with hip fractures. While the hip fracture cohort had severe vitamin D deficiency, these results do not suggest that this is associated with the presence of celiac disease. although the women with hip fractures in the Boston cohort had a higher percentage of positive tissue transglutaminase levels than the control group (3.3% vs 1.57%, respectively), the number of affected hip fracture subjects was small.
Hypovitaminosis D, or vitamin D deficiency, is common in individuals with newly diagnosed celiac disease and those with refractory celiac disease, as well as in individuals with elevated serum anti-gliadin antibodies (aGa) or tG antibodies (5, 7). after the introduction of a gluten-free diet (GfD), vitamin D levels in individuals with celiac disease often become normal and BMD improves within a year of successfully following a GfD, with minimal changes seen thereafter (7, 15) . through multiple regression analysis in a sample of adults with celiac disease, a study found that a low serum 25(oH)D level was the main factor that contributed to low BMD, (16) but the presence of celiac disease was not correlated with abnormal 25(oH)D levels. Similarly, our study did not find a significant difference between the occurrence of celiac disease in hip fracture subjects with lower serum 25(oH)D levels and the control group.
Past studies have reported on the relationship between fractures and celiac disease with conflicting results; some show an increased risk of all fractures in patients with celiac disease while others report no association (17, 18) . Several populationbased studies have shown increased risk of hip fractures and other fractures in individuals with celiac disease (19) (20) (21) (22) . in addition, one cross-sectional, case-control study reported a positive correlation between fracture prevalence and celiac disease among females aged ≥50 years (23) .
a number of factors may contribute to an increased risk of fracture in individuals with celiac disease. improper immunological response to ingested glutens in celiac disease causes villous atrophy and damage to the intestinal mucosa. this results in a decrease in active absorptive surface area, leading to malabsorption and deficiency of calcium and vitamin D. Calcium malabsorption is also attributable to the loss of vitamin D-regulated proteins in the damaged areas of the intestine, such as calbindin and calcium-binding protein, which transport calcium across the intestinal wall. in response to hypocalcemia, secondary hyperparathyroidism may develop in individuals with celiac disease and increase bone resorption (24) . increased parathyroid hormone levels may reduce serum phosphate levels and alter vitamin D metabolism, affecting bone mineralization. the presence of inflammation and chronic release of proinflammatory cytokines can also have a negative effect on bone since increased cytokine production in chronic inflammatory disease is correlated to increased bone loss.
other potential causes for increased fracture risk include failure to achieve peak bone mass in young adulthood (25) and lymphoma and other bone related malignancies (9) .
other studies similar to ours have found little to no evidence linking celiac disease to elevated risk of fracture despite its potential negative effects on bone (26) . Some studies show that celiac disease is not an important contributing factor in older hip fracture patients with osteoporosis (17) and that there is no increased fracture risk before or after diagnosis (18) .
one limitation of our study was the absence of endoscopic biopsy specimens to further confirm celiac disease. to determine whether a subject had celiac disease, we used a serological test to measure tissue transglutaminase iga, which is accurate 78.8% of the time (27) while biopsy is 100% accurate when four biopsies are taken (28) . endoscopic biopsies, however, are invasive procedures in these elderly subjects. Since individuals with undiagnosed celiac disease or those who do not comply with a GfD have a higher mortality rate (17, 29) , it is possible that there is a low prevalence of celiac disease in hip fracture patients because these subjects may have expired before age 80, the mean age of the hip fracture cohort. Study subjects also did not complete a detailed dietary analysis to determine whether or not they were already on a GfD prior to time of fracture. individuals on a GfD prior to time of fracture would not have elevated transglutaminase despite diagnosis of celiac disease, which may further contribute to the low prevalence of celiac disease in these subjects. However, at the time the study was performed, gluten-free diets were uncommon unless a patient received a clear diagnosis of celiac disease. therefore it is unlikely that these subjects were on a GfD prior to participation in this study. Because participation was limited to women, our results cannot be generalized to men with celiac disease who typically exhibit worse symptoms than women, including greater malabsorption of vitamins and minerals, and a lower BMD than women (30) . another limitation is that we compared hip fracture patients with an average age of 80 to a group of patients receiving elective arthroplasties with an average age of 64. these groups also are known to differ in other ways such as their health, functional status, physical activity, and exposure to sunlight. in summary, our study in women with hip fractures did not reveal an increased percentage of subjects with a positive tissue transglutaminase compared with a control group despite the lower vitamin D levels in hip fracture patients. these data suggest that in the evaluation for secondary causes of osteoporosis, routine testing for celiac disease among hip fracture patients may not be necessary in the absence of clinical signs and symptoms. Larger prospective studies are warranted to definitively determine whether celiac disease contributes to the high prevalence of vitamin D deficiency in hip fracture patients.
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